We have calculated the phase diagram for exploring the critical behavior around the critical end-point (CEP) and located the chiral limit existence of the tri-critical point (TCP) in the µ and T plane of the Polyakov loop extended Quark Meson Model (PQM) and the pure Quark Meson (QM) model which become effective Quantum-chromodynamics (QCD) like models due to the augmentation of the effective potential by the renormalized fermionic vacuum one loop fluctuation. These models yield the second order transition at µ = 0 on the temperature axis after incorporating the fermionic vacuum correction.
Introduction
Under the extreme conditions of high temperature and/or density, the normal hadronic matter dissolves into its quark and gluon constituents. One gets a phase transition to the collective form of matter known as the Quark Gluon Plasma(QGP) (Rischke, 2004; Mueller, 1995; Svetitsky, 1986) . Study of the different aspects of this phase transition, is a tough and challenging task because Quantum Chromodynamics(QCD)- (Polyakov, 1978) . Even though the center symmetry is always broken with the inclusion of dynamical quarks in the system, one can regard the Polyakov loop as an approximate order parameter because it is a good indicator of a rapid crossover in the confinement-deconfinement transition (Pisarski, (Philipsen, 2011) . In the chiral limit of zero up and down quark masses, the chiral phase transition is of second order at zero µ and the static critical behavior is expected to fall in the universality class of the O(4) spin model in three dimensions (Pisarski and Wilczek, 1984) . Thus the existence of CEP for real life two flavor QCD implies that two flavor massless QCD has a tricritical point(TCP) at which the second order O(4) line of critical points ends.
If the signals are not washed out due to the expansion of the colliding system, the critical point might 
where L(x) is a matrix in the fundamental representation of the SU c (3) color gauge group. P is path ordering, A 0 is the temporal component of Euclidean vector field and β = T −1 (Polyakov, 1978) . The model Lagrangian is written in terms of quarks, mesons, couplings and the Polyakov loop potential U (Φ, Φ * , T ).
where L QM is the Lagrangian in quark meson linear sigma model. The coupling of quarks with the uniform temporal background gauge field is effected by the following replacement 
and
is the pure mesonic potential. Here λ is quartic coupling of the mesonic fields, v is the vacuum expectation value of scalar field when chiral symmetry is explicitly broken and h =f π m 2 π .
The Grand Potential, the Renormalized Vacuum Term and Model Parameters
The thermodynamic grand potential for the PQM model in the mean-field approximation, is written as (Schaefer and Wagner, 2007 ) 
The first term of the Eq. (6) denotes the fermion vacuum contribution, regularized by the ultraviolet cutoff Λ. In the second term g + q and g − q have been defined after taking trace over color space.
and g
Here 
where
The first derivative of Ω(σ) with respect to σ at σ = f π in the vacuum is put to zero while the second derivative of Ω(σ) in vacuum gives the mass of σ
and m
Solving for both the conditions in equation (9), we obtain
It is evident from the equation (10) that the value of the parameters λ and v 2 have a logarithmic dependence on the arbitrary renormalization scale M . However, when we put the value of λ and λv 2 in Eq. (8),
the M dependence cancels out neatly after the rearrangement of terms. Finally we obtain
Now the thermodynamic grand potential for the PQM model in the presence of appropriately renormalized fermionic vacuum contribution (PQMVT model) can be written as
One can get the chiral condensate σ, and the Polyakov loop expectation values Φ, Φ * by searching the global minima of the grand potential in Eq. (12) for a given T and µ
We take m π = 138 MeV, m σ = 500 MeV. The constituent quark mass in vacuum m 0 q = 310 MeV fixes the Yukawa coupling g = 3.3. 
Susceptibility Contours, Criticality and Critical Exponents
The chiral crossover transition is marked by a peak in the quark number susceptibility which becomes sharper and higher as one approaches the CEP in the phase diagram from the crossover side and finally the peak diverges at CEP. Enhanced scalar and quark number susceptibilities signify fluctuations near the CEP.
Hence we take the contours of normalized constant quark number susceptibilities and scalar susceptibilities, as the measure of criticality around CEP. The ratio of quark-number susceptibility χ q normalized to the free susceptibility χ free q is written as:
where lim
The first and second partial derivatives of σ, Φ and Φ * fields with respect to chemical potential contribute in the double derivatives of Ω(σ), U log and Ω Twith respect to chemical potential as given in the appendix A of Ref. (Gupta and Tiwari, 2012) . The zero-momentum projection of the scalar propagator, encodes all fluctuations of the order parameter and it corresponds to the scalar susceptibility χ σ . The relation of scalar susceptibility to the sigma mass via χ σ ∼ m −2 σ can be easily verified. We write the scalar susceptibility (Hatta and Ikeda, 2003; Fujii, 2003; Fujii and Ohtani, 2004; and normalized scalar susceptibility R s (T, µ) as: The divergence of quark number susceptibility near the CEP is governed by a power law and the corresponding critical exponents depend on the route through which the singularity (CEP) is approached in the µ and T plane (Griffiths and Wheeler, 1970) . This path dependence decides the shape of the critical region.
The calculation of the critical exponents, has been done with the following linear logarithmic fit formula:
The slope m gives the critical exponent and the Y axis intercept c is independent of µ. We have computed the critical exponents for the χ q in the QM,PQM,QMVT and PQMVT models and the values are given in Table 1 .
In The second cumulant of the net quark number fluctuations on these contours is double to that of the free quark gas value and such enhancements are the signatures of CEP for the heavy-ion collision experiments.
The TCP location is quite well inside the R q =2 contour on the phase diagram of both the models QMVT as well as PQMVT. Hence TCP will influence the critical behavior near CEP. 
